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ABSTACT 

Background: Hepatitis C virus (HCV) is one of the major globally cause of death and morbidity. 

The appearance of direct-acting antiviral agents (DAAs), which specifically target HCV proteins, has 
provided insights into the current situation Ceruloplasmin (Cp), where its serum levels tend to be high in 
myocardial infarction, neoplastic and inflammatory conditions. 

Objective: The aim of the current work was to evaluate the prognostic value of serum ceruloplasmin in chronic 
hepatitis C before and after treatment by direct-acting antiviral agents and possibility of using it as a marker for 
hepatitis C virus treatment response. 

Patients and methods: This intervention prospective study was conducted on one hundred subjects attending at 
the Hepatology Clinic at the Hepatology Clinic at Algalaa Military Hospital and Kopri Elkopa Military Hospital 
and Al-Hussein university Hospital, from December 2016 till June 2017. The associations between serum 
Ceruloplasmin levels in chronic HCV patients before receiving DAAS and three months after was investigated. 
Results: showed that serum Ceruloplasmin levels were slightly higher after receiving DAAS and so it can be 
used as a marker for responsiveness to direct acting antiviral drugs. 

Conclusion: It could be concluded that ceruloplasmin can be used as a marker for responsiveness to direct acting 
antiviral drugs. 
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INTRODUCTION 

Hepatitis C virus (HCV) is one of the leading HCV genotype 1 who have relapsed post- 
causes of death and morbidity in the world. It is treatment®’. 
estimated that about 3% of the world's population and Ceruloplasmin acts as a ferroxidase and increases 
about 130-170 million people, are infected with this during inflammation, and other conditions, and these 
virus. Of them, 30% will get liver cirrhosis and 2% observations seem to suggest that ceruloplasmin is 
will develop liver cancer ®. likely to act as an antioxidant and an acute reactive 

Hepatitis C virus (HCV) still affects a large agent ©). 
proportion of the Egyptian population. It is estimated Serum ceruloplasmin is typically decreased in 
that in the 1-59 age group, 5.3 million people are patients with Wilson's disease and other conditions 
infected with the virus. Approximately 3.7 million characterized by marked renal or enteric protein loss, 
HCV RNA is positive ®. including severe end-stage liver disease of any 

Peginterferon Alfa plus ribavirin (pegIFN / etiology and in some rare neurologic diseases ®. 
RBV) is traditionally used to treat the hepatitis C Patients with severe hepatitis were shown to have 
virus (HCV). However, this system has limited viral significantly lower levels of Ceruloplasmin 
response rates of 40% -50% and is associated with a compared to patients with other liver diseases, except 
high frequency of adverse events ®. for Wilson's disease ®. 

The use of direct acting agents has revolutionized The aim of the current work was to evaluate the 
the treatment of chronic hepatitis C (HCV). Oral prognostic value of serum ceruloplasmin in chronic 
therapy is not only effective, but safe and tolerable. hepatitis C before and after treatment by direct-acting 

The appearance of direct-acting antiviral agents antiviral agents and possibility of using it as a marker 
(DAAs), which specifically target HCV proteins, has for hepatitis C virus treatment response. 


provided insights into the current situation, The use 
of protease inhibitors, such as Telaprevir, SUBJECTS AND METHODS 


Boceprevir, Simeprevir, Faldaprevir and Vaniprevir, This intervention prospective study included a 
in combination with Peginterferon and Ribavirin has total of one hundred subjects recently discovered 
improved treatment efficacy in treatment-naive hepatitis C virus (HCV) attending at the Hepatology 


patients (70% to 80%) and in patients infected with Clinic at Algalaa Military Hospital and Kopri 
Elkopa Military Hospital and Al-Hussein university 
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Hospital. Approval of the ethical committee and a 
written informed consent from all the subjects 
were obtained. This study was conducted between 
December 2016 till June 2017. 

The subjects were only one group; recently 
discovered hepatitis C virus (HCV) and classified 
Child A according to Child Pugh score and attending 
at hospitals for further investigations and receive 
direct-acting antiviral agents (DAAs) (Daclatasvir & 
Sofosbuvir) regimen. Their age was ranged from 25 
to 68 years and they were 74 males and 26 females. 


All patients showed negative history and lab 
results for hepatitis B virus (HBV), ANA, HIV and 
alpha fetoprotein and no family history of Wilson 
disease. On examination, there was no ascites or 
lower limb edema, no jaundice and they were vitally 
stable. Females were not pregnant and not on 
contraceptive pills. 


Exclusion criteria 

e Patients with non-hepatitis C, chronic liver disease 
or renal disease. 

e Patients with any organ failure, malignancy or 
evidence of inflammatory or autoimmune diseases. 

e Patients infected by other hepatic virus or Human 
immune deficiency virus (HIV). 

e Patients were diagnosed as autoimmune hepatitis 
or ANA positive. 

e Hepatocellular carcinoma. 

e Patients complaining of Obstructive jaundice. 

e Family history or clinical picture of Wilson's 
disease. 

e Pregnant women or use of oral contraceptive pill. 

e Rheumatoid arthritis. 

e Evidence of hepatic encephalopathy. 

e Patient with hypoproteinemia of any cause. 

All participants were subjected to the following 

Clinical and Laboratory procedures: 


. Full clinical history. 
2. Full 


clinical examination 
pressure, cardiac, chest 
examination. 


including blood 
and abdominal 


. Body mass index (BMI) measurement. 
. Fasting and two hours postprandial blood 


glucose level for known diabetic patients and 
random blood sugar for others. 


. Blood picture, Liver and kidney function tests, 


prothrombin time (INR), bilirubin; total and 
direct, albumin, alpha fetoprotein, ANA, total 
proteins, globulins and hepatitis C virus (HCV) 
PCR, HBsAg and HIV. 


. Pelvic abdominal ultra sound. 
. Ceruloplasmin before receiving direct-acting 


antiviral agents (DAAs) (Daclatasvir & 
Sofosbuvir) regimen and 3 months after. It is 
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measured according to the method of G. Curzon 
and L. Vallet ®. 


Statistical analysis 

Recorded data were analyzed using the statistical 
package for social sciences, version 20.0 (SPSS Inc., 
Chicago, Illinois, USA). Quantitative data were 
expressed as mean+ standard deviation (SD). Qualitative 
data were expressed as frequency and percentage. 

The following tests were done: 
Independent-samples t-test of significance was used 
when comparing between two means. 

Chi-square (x°) test of significance was used in 
order to compare proportions between two 
qualitative parameters. 
The confidence interval was set to 95% and the 
margin of error accepted was set to 5%. The p-value 
was considered significant as the following: 
Probability (P-value) 

-P-value <0.05 was considered significant. 

-P-value <0.001 was considered as highly significant. 

-P-value >0.05 was considered insignificant. 


RESULTS 

This study involved a total of 100 individuals 
in one group which recently discovered hepatitis C 
virus (HCV) and attending to hospital for further 
investigations and receive direct-acting antiviral 
agents (DAAs) (Daclatasvir & Sofosbuvir) regimen. 
They were 74 males with average BMI of (27.09 + 
2.610kg/m?) and 26 females with average BMI of 
(28.44 + 2.610 kg/m’). Their age was ranged from 
25 to 68 years with average of (48.91 +8.928kg). 
Their Ceruloplasmin level before receiving DAAS 
was (21.5 + 5.4) for males and (27.12 + 4.36) for 
females, and after three months of receiving DAAS 
was (24.32 + 5.24) for males and (29.01 + 4.25) for 
females and ratio of increasing Ceruloplasmin level 
was (13.91% + 0.075) for males and (7.37 % + 0.05) 
for female. 


The tables in this study show: 

Show Ceruloplasmin level before receiving 
DAAS are (21.5 + 5.4) for males and (27.1 + 4.36) 
for females, and after three months of receiving 
DAAS are (24.32 + 5.24)for males and (29.01 + 4.25) 
for females and ratio of increasing Ceruloplasmin 
level is (13.9 + 0.07) for males and (7.37 + 0.05) for 
female. 

Comparing Ceruloplasmin concentrations and 
patient’s gender, respectively 26 females and 74 
males, it is interesting to note that females patients 
exhibited slightly higher Ceruloplasmin 
concentrations (ave + SD of 27.12 + 4.369 mg/dL) 
than males patients (21.35 + 5.4 mg/dL) that were 
statistically significant at 5% significance level (98 
degrees of freedom, tsa. 5.261, tcrit 1.67, probability 
for a two-tail test was 0.00487).(Table 2 ),(Figure 2). 
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Correlation between ceruloplasmin 
concentration and patient’s age across 100 patients 
who were 46 patients under age of 48 yrs. and 54 
patients above age of 48 yrs., the average 
Ceruloplasmin concentration was (23.62 + 5.91 
mg/dL) and (22.434 4.97 mg/dL) for patients <48 
yrs. and > 48 yrs., respectively ( tsat. of 1.03 is less 
than teit 1.661, p for a two-tail test was 0.303, 
indicating that the results were not statistically 
different at 5% significance level (98 degrees of 
freedom). (Table 5),(Figure 3 ),and Correlation 
between Ceruloplasmin concentration increasing 
rate and patient’s age < 45 yrs. , patients between 45 
yrs. and patients 52 yrs. and patients > 52 yrs. using 
ANOVA test(Figure 4). 

Comparing Ceruloplasmin concentrations 
difference for all patients before receiving DAAS 
and after three months of receiving it , respectively 


Table :(1) Shows ceruloplasmin concentrations 


100 patients ( 26 females and 74 males), it is 
interesting to note that ceruloplasmin concentrations 
after receiving DAAS was 25.54 + 5.94 mg/dL 
whichis slightly higher than before receiving DAAS 
(22.98 + 6.1 mg/dL) that were statistically significant 
at 5% significance level (Table 1) and (Figure 1). 

We have observed that the increasing rate of 
ceruloplasmin concentrations is greater in male (2.7 
+ 1.4 mg/dL) than in females (1.89 + 1.28 mg/dL) 
that were statistically significant at 5% significance 
level. (Table 2) and (Figure 2). 

Finally we have also observed that no relations 
between increasing rate of Ceruloplasmin after 
receiving DAAS and age, The average of increasing 
rate of Ceruloplasmin concentration was (2.5 + 1.43 
mg/dL) and (2.6+ 1.51 mg/dL) for patients <48 yrs. 
and > 48 yrs., respectively. (Table 4) and (Figure 3). 























Groups Ceruloplasmin (CP) ANOVA 
Range Mean + SD F P- 
value 
Male 13.2 — 2.4 21.53 + 5.4 10.15 0.0024 
Female 13 =- 34 27.123 + 4.3 














Table (1) Show that female patients exhibited slightly statistically higher ceruloplasmin concentrations 
(27.123 + 4.369 mg/dL) than male patients (21.35 + 5.401 mg/dL) (P < 0.05). 


Table :(2) Shows ceruloplasmin concentrations before receiving DAAS and after 3 months. 




















Groups Ceruloplasmin (CP) ANOVA 
Range Mean + SD F P-value 
Ceruloplasmin before 13.2 — 42.4 22.98 + 5.4 10.63 0.0013 
receiving DAAS 
Ceruloplasmin after 3 146 — 43 25.545 + 5.4 
months of receiving DAAS 

















Table (2) Shows a statistically significant difference as regards Ceruloplasmin (CP) level before receiving 
DAAS (22.98 + 5.4) & after 3 months of receiving it (25.54 + 5.7) (P < 0.05). 


~~ Ceruloplasmin 33 
after 3 months 3 
of recieving 2 

Sofaldi 21 


18 


Ceruloplasmin 15 
before sofaldi 22 


6 
3 
0 





1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77 81 85 89 93 97 


Patients 





Figure 1 : Ceruloplasmin concentration level before and after receiving DAAS 
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Table :(3) Shows ceruloplasmin concentrations in male and female. 

















Groups Ceruloplasmin (CP) increasing rate % ANOVA 
Range Mean + SD F P- 
value 
Male 1.18 — 36.4% 13.9+7.47 
Female 0.37- 20.85% 7.31+5.1 AS KONAT 




















Table (3) Shows a statistically significant difference that Ceruloplasmin concentrations increasing rate is greater 
in male (13.9 + 7.47 mg/dL) than in females (7.37 + 5.1 mg/dL) (P < 0.05). 
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Ceruloplasmin before Sofaldi Ceruloplasmin after 3 months of Sofaldi Change of level % 


Figure 2 : Comparison between males and females in ceruloplasmin level before and after receiving DAAS and rate of 
increase. 
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Figure 3: Correlation between Ceruloplasmin level and patients age 


Table :(4) Shows ceruloplasmin concentrations and patient’s age 

















Groups Ceruloplasmin (CP) ANOVA 

Range Mean + SD F P-value 
Male 14- 42.4 23.645.99 
Female 13 — 34 22.4945.3 Be t 




















Table (4) show no statistically significant difference between Ceruloplasmin and patient’s age 
<48 yrs. .(23.6+5.99 mg/dL) ,and patients > 48yrs. (22.49+5.3 mg/dL) (P > 0.05). 
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Figure 4: Comparison between patients < 48y.o. and patients > 48 y.o. and ceruloplasmin level 


DISCUSSION 

Hepatitis C virus (HCV) is one of the major 
globally cause of death and morbidity, and it is still 
affects a substantial proportion of the Egyptian 
population “”, 

The appearance of direct-acting antiviral agents 
(DAAs), which specifically target HCV proteins, has 
provided insights into the current situation, The use of 
protease inhibitors, such as Telaprevir, Boceprevir, 
Simeprevir, Faldaprevir and Vaniprevir, in 
combination with Peginterferon and Ribavirin has 
improved treatment efficacy in treatment-naïve 
patients (70% to 80%) and in patients infected with 
HCV genotype 1 who have relapsed post-treatment ®. 

Patients with severe hepatitis were shown to have 
significantly lower levels of Ceruloplasmin compared 
to patients with other liver diseases, except for 
Wilson's disease ™. 

Among the noninvasive approaches used to assess 
responsiveness to treatment are the use of clinical 
symptoms and signs, routine laboratory tests (e.g., 
ALP, AST, ALT, GGT, PT), as well as 
ultrasonography and radiological imaging studies ®. 

This study involved a total of 100 individuals in 
one groups which recently discovered hepatitis C 
virus (HCV) and attending to hospital for further 
investigations and receive direct-acting antiviral 
agents (DAAs) (Daclatasvir & Sofosbuvir) regimen, 
their age was ranged from 25 to 68 years with average 
of (48.91 +8.928kg),74 males and 26 female. 

All patient’s lab results for hepatitis B virus 
(HBV), ANA, AIDS and alpha fetoprotein were 
negative. No Family history of Wilson disease, and by 
examination there is no ascites, lower limb edema or 
jaundice. They were vitally stable at time of 
examination, and females not pregnant and not on 
contraceptive pills. 

The current study showed that there was no 
significant correlation between age and serum 
Ceruloplasmin levels, and Ceruloplasmin slightly high 
in female patients than male patients but the rate of 
concentration increasing is more in males than in 
female. 
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Data reported by Viorica et al. “” for a normal 
population note that femalespatients exhibited slightly 
higher Cp concentrations (ave + SD of 0.392 + 0.153 
mg/mL) than male patients (0.319 + 0.123mg/mL) , 
Results for a normal population by Viorica et al. “” 
indicated that does not seem to be a correlation 
between the Cp concentration and patient’s age also “® 
indicate significantly higher concentrations of 
Ceruloplasmin in female patients which are known to 
be caused by use of oral contraceptives. 

Many studies search for the correlation between 
Ceruloplasmin and other disease or other acute phase 
reactant and some prove that Ceruloplasmin is a 
good marker for hepatic cirrhosis, elevated in cancer 
prostate or other carcinoma, as bile duct carcinoma 
and other found that Ceruloplasmin concentration in 
multiple sclerosis (MS) patients varies depending on 
different immunomodulatory treatment, but no 
studies touch on useful of Ceruloplasmin as a marker 
for responsiveness in treatment of hepatitis C 
Virus(HCV) as in this study), 

Multivariate analysis revealed that Ceruloplasmin 
levels were significantly related to liver cirrhosis, 
Combining Ceruloplasmin with serum GGT levels 
(CG model) was set up to predict significant fibrosis 
and liver cirrhosis in CHB patients with normal or 
minimally raised ALT“, 

Several cross-sectional studies in the general 
population have shown that acute-phase reactants as 
Ceruloplasmin are positively correlated with 
inflammation or carcinoma as they improve that 


serum Ceruloplasmin may complement the 
biochemical screening in prostate carcinoma, 
especially in cases where this cancer is not 


accompanied by elevation of serum PSA. However, it 
is not of help in differentiating prostate cancer from 
prostate benign hyperplasia“. 

Comparing cancer and normal bile duct tissue 
Ceruloplasmin had positive coefficients with a log2 
ratio >1 for advanced T, N stage and perineural 
invasion cancer tissue. Strong immune histochemical 
expression of Ceruloplasmin was dominant in tumors 
with advanced T stage and perineural invasion, 
Ceruloplasmin is supposed to be related with advanced 
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T stage and perineural invasion, having a possibility as 
a candidate prognostic marker for bile duct cancer “). 

Baseline serum Ceruloplasmin is an independent 
predictive factor for the progression of diabetic 
nephropathy in patients with type 2 diabetes mellitus 
46), In another study they found Ceruloplasmin 
concentration in multiple sclerosis (MS) patients 
varies depending on different immunomodulatory 
treatment and decrease after 3 months of melatonin 
administration. Ceruloplasmin could be a valuable 
serum marker for the chronic demyelinating process 
participating in oxidative stress mechanisms, as well 
as a neurodegenerative marker, but not a marker of 
acute-phase MS “), 

Up to present, no other reliable test or marker 
alone is sufficiently accurate in predicting 
responsiveness to treatment of patients with DAAS. 

In this study, we investigated associations between 
serum ceruloplasmin concentration levels in chronic 
HCV patients before receiving DAAS and three 
months after. It has indicated that serum ceruloplasmin 
levels were slightly high after receiving DAAS and so 
we can use it as a marker to responsiveness to direct 
acting antiviral drugs. 


CONCLUSION 

It could be concluded that ceruloplasmin is 
proved to be a useful marker for responsive of patients 
to DAAS because it is increased shortly after receiving 
DAAS. The disadvantage of using ceruloplasmin as a 
marker is that it requires to be measured before starting 
of treatment because its concentration varies from 
person to person. 
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